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ABSTRACT 


Development  of  the  subsonic  cascade  t/ind  tunnel  facility  required  deter¬ 
mination  of  the  tuo-dinensionality  and  periodicity  of  the  airflou  in  the 
test  section  i-dth  test  cascade  installed.  Data  acquisition  procedures  were 
developed,  and  data  were  recorded  for  two  facility  configvirations,  T!ie 
flow  was  shovm  to  be  unsatisfactory  at  a  diffusion  factor  of  approximately 
0,5o  and  aspect  ratio  1,25,  and  to  be  acceptably  two-dimensional  and  per¬ 
iodic  at  a  diffusion  factor  of  approximately  0.39  and  aspect  ratio  ?,95» 
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I.  e:troductig:; 

rue  v;orl:  reported  herein  uas  to  evaluate  a  subsonic  cascade  \;ind.  tunnel 
facility,  and,  in  particular,  its  suitability  for  neasurements  of  air  flo’.; 
through  two-dinensional  cascades  of  compressor  blades.  Detailed  flow  field 
data  are  needed  fron  caref>.illy  controlled  tests  in  order  that  newly  emerging 
flow  prediction  computer  methods  can  be  tested  and  refined,  Blade  element 
performance  data  are  also  needed  for  new  blading  designs, 

Tiieoretical  flo\;  through  cascades  of  blades  and  application  of  theo¬ 
retical  and  e:q5erinental  data  to  the  design  of  axial  flow  compressors  are 
treated  in  Reference  1,  Chapter  6  of  Ref,  1  collects  ai'n  summarises  the 
extensive  early  cascade  studies  carried  out  at  '!AGA,  The  importance  of 
obtaining  the  proper  two-dimensional  and  periodic  flow  is  emphasised,  Ei 
view  of  the  unique  design  of  the  present  facility  (figures  1  and  2)  ho'.J- 
ever,  it  uas  not  certain  that  the  experiences  of  other  investigators  vrould 
necessarily  be  repeated. 

Before  subsonic  cascade  wind  tunnel  data  can  be  accepted  as  valid,  the 
flow  conditions  in  the  tunnel  must  meet  three  criteria.  Reference  2  dis¬ 
cusses  these  criteria  ii"*  detail,  first,  the  inlet  flow  must  be  acceptably 
luiiform,  /uiy  disturbances  in  the  airflow  should  be  caused  by  the  cascade  of 
test  blades,  and  should  not  pre-exist  in  the  irind  tiuinel,  Ctatic,  d^mamic, 
and  total  pressures,  and  the  flow  direction,  should  be  uniform  over  the 
cross-section  as  the  flov;  enters  the  test  section. 

Secondly,  the  flo^r  passing  titrough  the  test  blading  must  be  two-di¬ 
mensional;  that  is,  measured  flow  characteristics  must  be  reasonably  Ei- 
dependent  of  span'.d.se  position.  The  standards  by  wIxLch  two-dimensionality 
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are  measured  are  discussed  in  Section  II. 


The  tliird  criterion  is  periodicity  of  the  near-fie.ld 


inlet  fio’.;  and  of 


the  outlet  flov;.  In  the  near-field  (vathin  about  one  chord  length  of  tne 
blades),  as  the  airflow  approaches  the  leading  edges  of  the  blades,  an  up¬ 
stream  perturbation  occurs  as  the  streamlines  adjust  to  negotiate  the  blade 
passages.  Since  the  test  cascade  is  intended  to  simulate  an  infinite  cas¬ 
cade  of  blades,  the  flow  characteristics  should  be  the  same  at  corresponding 
locations  in  all  inter-blade  passages.  Tiiis  condition  should  also  hold  true 
at  the  outlet  of  the  blading, 

larlier  work  by  Moebius  (Ref.  3)  with  the  present  facility  involved 
modifications  to  the  plenum  chamber  which  established  satisfactorily  uni¬ 
form  flow  at  the  exit  of  the  bellmouth  contraction  into  the  test  section. 

The  purpose  of  the  present  study  was  to  determine  whether  or  not  suffi¬ 
ciently  two-dimensional  and  periodic  flow  could  be  produced  through  typical 
compressor  cascade  configurations  within  the  available  range  of  blade  aspect 
ratios,  but  without  the  removal  of  tunnel  wall  boundary  layers  by  suction. 
The  study  was  preliminary  to,  and  motivated  by,  a  NASA  requirement  to  ob¬ 
tain  test  data  on  specific  cascade  geometries. 

The  notation  used  to  describe  the  test  cascade  is  given  in  Figure  3. 
Tests  were  made  with  two  configurations.  First,  seven  IIACA  65-series  blades 
were  installed  at  an  air  inlet  angle,  ss  60  degrees  and  a  stagger  angle, 
2r=46, 1  degrees.  Surveys  of  the  flow,  using  the  instrumentation  system 
reported  in  Ref,  3,  showed  that  the  flow  at  the  cascade  outlet  was  grossly 
distorted  and  certainly  far  from  being  two-dimensional.  Preliminary  re¬ 
sults  obtained  with  this  configuration  are  reported  in  Appendix  A,  A 
cascade  of  fifteen  G-series  blades  was  then  installed  at  an  air  inlet  angle, 
s39.S  degrees  and  stagger  angle,?^*  16,21  degrees.  The  air  inlet  angle 


a;’.d  'lirrusion.  I'cictcr  1,  Cliajfcer  6} 

?,s  ,;cs3ibl‘i,  those  required  in  the  first 
Ih.e  results  of  the  experlsentai  prc^^rra. 


uere  chosen  to  oq.nrcp.ch,  as  ne-orh;' 
cascade  to  oe  tested  for  !’.‘d3h. 
and  the  instniner.tation  srA  date- 


acquisition  procedures  developed  for  future  cascade  testing,  are  reported 
in  the  lollovdng  sections. 


II.  E:cr.RiMri:?.\L  ccidiDdiiATichf 

Unifornity  of  the  inlet  flou  field,  tv/o-diinensionality  at  r.id-span,  and 
periodicity  from  blade  to  blade  are  necessary  (but  not  sufficient)  conditicns 
for  obtaining  valid  cascade  data.  In  what  follov/s,  the  necessary  conditions 
udll  first  be  discussed,  then  additional  experimental  requirements  vdll  be 
mentioned. 

The  requirement  for  uniformity  of  the  inlet  flov;  is  common  to  all  v/ind 
tunnel  testing.  In  the  present  facility,  verification  uas  needed  that  the 
iiilet  guide  vanes  to  the  test  section  produced  an  acceptably  uniform  flow 
ahead  of  the  test  blading. 

The  second  condition  is  that  a  substantial  portion  of  the  span  (at  all 
stations  in  the  blade-to-blade  direction)  must  exhibit  uniform  flou 
characteristics.  This  T'ri.ll  clearly  depend  on  several  factors.  If  the  flow 
were  truly  two-dimensional,  the  flov;  characteristics  would  be  completely 
independent  of  the  spanv/ise  location  in  the  cascade.  Boundary'  layers  de¬ 
velop,  hovrever,  along  the  side  and  end  walls  between  the  entrance  to  the 
test  section  and  test  cascade,  ’./ithin  the  boundary  layers,  the  total  and 
dynamic  pressures  are  lower  than  they  are  in  the  main  stream.  The  growth 
of  the  boundary  layers  causes  an  effective  contraction  of  the  main  stream 
cross-sGctional  area,  \ri.th  the  result  that  the  velocity  and  dynamic 
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pressure  in  the  nain  stream  are  slightly  higher  than  they  would  be  in  truly 
planar,  two-dimensional  flow.  In  other  installations  (Ref,  2,  for  example), 
this  problem  was  reduced  by  removing  the  boundary  layers  using  suction 
through  porous  walls.  One  of  the  objectives  in  the  design  of  the  present 
idnd  tunnel  was  to  reduce  the  need  for  suction  by  ensuring  uniform  boundary 
layers  on  the  side  walls  in  the  blade-to-blade  direction,  and  by  operation 
at  high  Reynolds’  numbers,  A  further  difficulty  caused  by  the  development 
of  the  wall  boundary  layers  is  their  interference  with  the  boundary  layers 
that  form  on  the  surfaces  of  the  blades  in  the  cascade.  It  is  especially 
difficult  to  establish  a  substantial  spanwise  area  of  uniform  flow  in  the 
region  near  the  suction  side  of  each  blade  (Ref,  2), 

In  planar,  two-dimensional  flow  through  a  channel  (i.e,,  the  flow  has 
the  same  cross-sectional  depth  at  inlet  and  outlet),  continuity  requires 
that  the  product  of  fluid  density  and  axial  velocity  remain  constant.  In 
the  cascade  wind  tunnel,  the  buildup  of  boundary  layers  along  the  tunnel 
walls,  and  their  interference  with  boxmdary  layers  developed  on  the  blades, 
causes  the  effective  spanwise  depth  of  streamtubes  in  the  main  flow  near 
mid-span  to  contract.  This  results  in  the  product  of  fluid  density  and 
axial  velocity  being  slightly  higher  in  the  main  stream  at  the  outlet  of  the 
cascade  than  at  the  inlet.  The  ratio  of  the  product  at  the  outlet  to  that 
at  the  inlet  is  generally  referred  to  as  the  axial  velocity-density  ratio 
(AVDR),  An  AVDR  of  unity  would  indicate  a  perfectly  two-dimensional  flow, 
while  values  other  than  unity  indicate  departures  from  tliis  condition. 

The  third  necessary  condition  is  that  the  flow  be  periodic  from  blade 
to  blade,  VRaen  the  cascade  has  few  blades  (say,  seven  or  fewer),  the  tvro 
(incomplete)  passages,  betv/een  each  end  wall  and  the  first  adjacent  blade, 
become  critical,  TleKible  and  porous  walls  have  been  used  to,  in  effect, 
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control  the  bounding  streanlines  in  these  regions  (Ref.  2).  Clearly,  as 
the  nunbcr  of  blades  in  the  cascade  is  increased,  subject  to  a  satis¬ 
factorily  uniforn  inj.et  flov/,  the  end  passages  become  less  critical,  and 
periodicity  vrill  be  aore  easily  achieved  over  the  center  blades,  Perio¬ 
dicity  can  bo  verified  by  flow  field  measurencnts  or,  more  sensitively,  by 
conparing  surface  pressure  distributions  measured  on  different  blades. 

Tuon  upstream  uniformity,  span\n.se  tuo-dinensionality,  and  blade-to- 
blacTe  periodicity  are  acceptable,  probe  survey  data  from  upstream  and 


do’.rnstream  of  the  blades  car.  be  taiccn  mid  integrated  to  obtain  the  two- 
dimensional.  blade-element  performance.  Hoi/cver,  one  further  condition  must 
be  met:  The  survey  data  must  satisfy  the  momentum  conservation  equation 
for  the  particular  value  of  the  AVDR  obtained  by  satisfying  continuity. 

As  the  air  is  turned  in  passing  through  the  cascade,  the  change  in  its 
momentum  can  be  calculated  from  the  angles  and  velocities  at  the  inlet  and 
outlet.  The  change  in  momentum  (measured  at  the  spanr^ise  centerline)  is 
related  to  the  force  on  the  blades  and  the  change  in  static  pressure  across 
the  cascade.  Integration  of  the  measured  pressure  distribution  along  the 
centerline  of  tiie  blade  (in  the  chordim.se  direction)  yields  the  pressure 
force  exerted  by  the  "lilade  section  on  the  air.  Comparison  of  the  measured 
pressure  force  with  that  calculated  from,  the  change  in  nomentun  of  the  air 


is  the  fiiirf.  verification  that  the  proper  emperimental  flow  co;iditiens  ha.ve 
been  established.  To  dafoe,  a  comparison  of  the  pressure  forces  on  the 
blades  vrith  those  calculated  from  the  changes  in  momentum  has  not  been  made, 


siiice  blades  instrumented  id.th  pressure  tans  have  not  been  ava.ila,blo 


III.  FACILITY  DESCRIFTIOII 


A,  CASGi'VDIS  V/riD  TUinrEL 

The  subsonic  cascade  wind  tunnel  facility  was  described  by  Moebius 
and,  in  detail,  by  Rose  and  Guttormson  Figure  1  shows  the  layout  of 

the  facility  and  its  unique  test  section  design.  The  design  ensures  that 
the  airflow  paths  from  the  guide  vanes  to  all  blades  of  the  cascade  are  of 
equal  length.  This  was  intended  to  eliminate  the  problems  in  other  designs 
caused  by  having  wall  boundary  layers  of  different  thicknesses  (and  his¬ 
tories)  entering  the  cascade  at  different  points.  Figure  2  shows  a  photo¬ 
graph  of  the  cascade  wind  tunnel  test  section, 

3.  EISTRUIffiirTATIOIJ 

The  position  of  the  instrumentation  is  shorn  in  Figure  4« 

1,  Vfall  Pressure  Tans 

Static  pressure  taps  were  located  on  the  south  side  wall,  15»25 
inches  axially  ahead  of  the  mid-chord  and  7,25  inches  axially  behind  the 
mid-chord  of  the  cascade  of  5»12  inch  (chord)  blades.  Twenty  taps  were 
evenly  spaced  at  tvro  inch  intervals  along  the  wall  in  the  blade-to-blade 
direction  at  each  axial  location.  The  taps  were  connected  to  a  water  mano¬ 
meter  board  so  that  the  uniformity  of  the  static  pressure  distribution  in 
this  direction  could  be  monitored  visually.  One  upstream  tap  and  one  do\m- 
stream  tap  (near  the  centerline)  were  also  connected  to  the  Scanivalve, 
tlirough  which  all  pressures  were  recorded, 

2,  Unstream  Reference  Probe 

A  fixed  Kiel  probe  was  placed  on  the  spanwise  centerline  in  the  test 
section  do^mstream  of  the  turning  vanes,  but  well  upstream  of  the  cascade. 
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The  probe  provided  a  reference  total  pressure  during  the  tests.  The  probe 
was  also  connected  to  the  Scanivalve. 

3,  Uostreac  Survey  Probe 

A  United  Sensor  Corporation  DA  125  probe,  Serial  no,  AC47-1  (des¬ 
cribed  in  Ref,  5  and  Appendix  3)  was  mounted  in  a  traversing  mechanism 
approximately  11,25  inches  a:cially  upstream  of  the  cascade,  such  that  it 
could  be  positioned  anywhere  v/ithin  a  section  10  inches  tdde  by  24  inches 
long  of  the  inlet  flow  cross-section.  The  probe  pneumatic  pressures  were 
connected  to  the  Scanivalve,  and  position  and  yaw  angle  of  the  probe  were 
recorded  using  position  potentiometers, 

4,  Doi/nstream  Survey  Probe 

A  United  Sensor  Corporation  DC~125-24-F-22-CD  probe.  Serial  no,  A931-2 
(described  in  Ref,  5  and  Appendix  B)  v;as  positioned  approxlnately 
11,75  inches  axially  downstream  of  the  cascade.  Its  mounting  and  data 
acquisition  were  identical  to  those  of  the  upstream  survey  probe, 

5,  Survey  Rake 

A  rake  of  static  and  total  pressure  probes  (described  in  Appendix  C) 
could  be  substituted  for  either  survey  probe.  The  ralce  spanned  the  test 
section  and  was  used  to  survey  in  the  blade- to- blade  direction.  Measurements 
were  made  with  the  ralce  mounted  in  the  downstream  traversing  mechanism.  The 
ralce  pressures  \;ere  connected  to  the  Scanivalve,  and  the  ralce  yaw  and  blade- 
to-blade  position  were  also  recorded, 

6,  Reference  Measurements 

Plenum  chamber  (supply)  pressure  and  temperature,  and  atmospheric 
pressure,  were  recorded  with  each  data  scan.  The  total,  temperature  tlirougli- 
out  the  test  section  was  assumed  to  be  the  same  as  the  plenum  chamber 
temperature. 
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C,  DATA  ACQUISITION  AIN)  lUmUGTIOx'I 


The  data  acquisition  system  is  shown  in  Fig,  5,  Data  was  logged,  re¬ 
duced,  and  plotted  using  the  Hewlett-Packard  HP-3052A  Data  Acquisition 
System  (see  also  Ref,  6),  The  system  used  an  !IP-9S45A  calculator  as  a 
controller,  with  components  interconnected  on  an  KP-9S034A  HP- 13  Inter¬ 
face  3ua,  including  an  I1G-7SK  Scani valve  Controller  (Ref,  7). 

The  programs  developed  during  the  present  study  for  acquisition,  re¬ 
duction,  and  plotting  of  data  from  the  cascade  wind  tunnel  are  listed  and 
described  separately  in  Reference  C, 


IV.  TEST  PROGRAI!  .ilH)  PRGCSDURU; 


A.  PROGR.UI  DEGGRIPTION 

Table  I  gives  data  for  tho  tw  cascade  geonotrios  wiiich  were  tested.  In 
the  first  configuration,  the  cascade  consisted  of  seven  10  T'  thieJ:  NACA  65- 
serics  airfoils  of  eight-inch  chord,  spaced  eight  indies  apart,  Tlie  io-lct 
enc'.-’.;all  angle  was  set  at  60  degrees,  Tlie  stogger  angle  (for  nininua  loss 
kicidonce)  was  set  at  46.1  degrees,  anc.  the  caj.culr.tod  outlet  angle  •;r.G  41 
degrees,  T.ie  outlet  end  v/all  uas  therefore  set  tc  4C  ■'.egrees,  Th.c  oa.l- 
cnla.ted  diffusion  factor  './as  Da  0,577.  In  t;*is  config-ura.tion,  c  ic  .el:le  '..tII 
("ciue  '/alls"  are  those  peniondiculax  to  the  blade  .e.a.';  '.’a-o  otoel,  \.’'.'.llo 
th.e  other  './a.c  one- inch- thiol;  .•Icnigla.as, 

Li  the  second  configuration,  noac''.rc:.;cnt.-3  i/crc  fir.et  ra.dc  :'.o  bfn'des 


.ui  t.ic  teso  scouior. 


,  c.. 


’./len 


CG  socv^r-OiTi 


c'egTccs,  fhc  purpose  of  t'.us  test  :iv.s  to  ensure  first  that  th.c  fj.o-.;  fron 
the  guide  vanes  into  the  test  section  './a-S  satisfactorily  unifern  before  in¬ 
serting  the  test  blades,  A  cascade  of  15  C-seri'OS  aJ-rfoiis  •:r.s  then 
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inserted.  The  blades  had  a  chord  of  5«12  inches  and  were  spaced  four  inches 


apart,  for  a  solidity  of  approxiaately  1,2G.  Two-dinensionality  was  ex¬ 
pected  to  be  inproved  by  the  higher  aspect  ratio,  but  the  Re^^TioIds’  nunber 
vfas  necessarily  reduced.  The  inlet  end  wall  angle  was  set  at  39, G  degrees, 
for  an  incidence  angle  calculated  to  be  10  degrees  above  the  calculated 
niniaun  loss  incidence  angle,  Tlie  outlet  end  wells  vrere  set  at  12,C  degrees. 
These  values  were  calculated  to  achieve  a  diffusion  factor  of  C,394»  In 
the  second  configuration,  the  ono-inch  ple:ciglo.os  waT.l  was  replaced  with 
th.G  facility’s  original  steel  v;ell  (Ref,  4),  sfico  the  plexiglass  wall  '.;as 
obscri’-ed  to  have  bov/ed.  Care  !;as  taJ'cn  './itl:  the  ond-blade-to-end-','all 
passages  as  described  in  Reference  9« 


3.  ?RC::3)UR.3 

The  procedure  used  in  testing  the  second  configuration  \;ao  as  follo’./s, 
h'ith  the  tvjinel  ninniiig,  and  before  data  were  taJeen,  the  outlet  end  '.rails 
and  the  inlet  gi.iide  vanes  'were  iterati'/ely  adjusted  to  produce  a  very  nearly 
’.uiiforn  distribution  of  static  pressure  across  the  inlet  and  outlet  to  the 
cascade,  as  non!  bored  by  a  nultitube  water  rnanonoter  barf:.  The  adjustnent 
procedure  is  described  in  Reference  9, 

The  ral:c  probe  \;a3  used  first  to  sur’/ey  the  outlet  plane  to  detcrnruie 
quiclf.y  whether  any  spanvdso  area  of  unifom  flow  existed.  Integration  of 
the  calculated  mass  flux  (using  ral:e  inpact  pressures  and  side  wall  statics) 
on  the  sponwise  centerline  of  the  tunnel  iras  oonparod  with  the  nass  flow 
rate  estinated  at  the  lower  plane  using  the  Kiel  probe  pressure  and  the  in¬ 
let  side  wall  static  pressure  neasuronents.  Tills  gave  a  rough  appro:tination 
of  the  AVDR,  Periodicity  of  the  flow  was  checked  by  conparing  values  of 
total  pressure  at  corresponding  locations  in  different  blade  passages. 


1C 


Detailed  surveys  of  both  the  inlet  and  outlet  planes  in  the  blade-to- 
blade  direction  were  then  undertalcen  witli  the  survey  probes  (described  in 
Appendix  B),  Integration  of  inlet  and  outlet  mass  flux  distributions  de¬ 
rived  fron  the  survey  measureaents  was  perfomed  to  determine  the  AVDR 
using  the  method  described  in  Appendix  D,  The  data  also  provided  a  con¬ 
firmation  of  the  periodicity  of  the  flow. 

All  tests  were  carried  out  vrith  a  plenum  pressure  to  atmospheric 
pressure  difference  of  1 6  to  20  inches  of  water, 

V,  RESULTS  Aim  PIS CUSS 10” 

A,  FIRST  OOITIGURATIOU 

The  results  presented  in  Appendix  A  for  the  first  configuration  shov/ed 
that  the  flow  at  the  cascade  outlet  was  distorted  and  not  symmetrical  about 
the  mid-span  plane.  The  degree  of  spanwise  non-uniformity  was  quite  un¬ 
satisfactory.  The  non-uniformity  nay  have  been  due  to  stalling  of  part  of 
the  cascadei  aggravated  by  leakage  between  the  blade  ends  and  the  plexi¬ 
glass  vraQJ.,  It  is  also  suspected  that  the  technique  of  using  both  sur’/ey 
probes  at  once  was  improper,  since  the  downstream  survey  probe  v;as  then  in 
the  v;ake  of  the  upstream  survey  probe.  The  accuracy  of  the  doimstream 
probe  data  is  therefore  questionable, 

3.  SECOI'ID  OOIIFiaURATIOU 

Tests  were  first  conducted  ^/ith  the  cascade  blades  removed  to  determine 
the  effect  of  the  guide  vanes  at  the  test  section  inlet.  Results  obtained 
vdth  the  rake  probe  are  reported  in  Ref,  9,  It  was  found  that  the  wal:es 
from  the  vanes  \7ere  not  mixod  out  at  the  lower  measuring  plane  but  gave  a 
well  defined  periodic  variation  in  tho  impact  pressure.  This  condition  was 
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undesirablo,  but  it  could  be  tolerated  while  looking  only  at  two-dinension- 
olity  and  periodicity.  Since  inlet  flov/  conditions  were  not  unifom,  mass 
averages  vrould  be  used  to  crJ.culate  properties  at  the  inlet  plane  from 
probe  measurements. 

Data  from  the  ralce  probe  surveys  downstream  of  the  blades  in  the  second 
cascade  configuration  are  listed  in  Table  II  and  shown  plotted  in  Figures 
6-13,  A  photograph  of  the  water  manometer  board  shoidng  the  side-wall 
static  pressures  upstream  and  downstream  of  the  cascade  is  shown  in  Figure 
14.  'The  static  pressure  was  seen  to  be  unifom  at  both  stations  to  ^rithin 
0,1  inches  of  v/ater  following  the  adjustment  procedure  described  in  Ref,  9. 

Figures  6,  7,  and  S  show  plots  of  spantri.se  total  pressure  distributions 
at  discrete  blade-to-blade  locations.  Figure  9  shows  the  distribution  over 
one  blade  passage  as  a  three  dimensional  plot,  TI:e  data  show  a  satis¬ 
factorily  unifom  distribution  of  total  pressure  over  almost  50  percent 
of  the  span  at  all  stations.  Prom  these  data,  the  A7DR  was  estimated  to 
be  about  1,03, 

Figures  10,  11,  12,  and  13  show  the  spanwise  total  pressure  distributions 
at  corresponding  positions  in  the  four  centemost  blade  passages,  T2:e  fig¬ 
ures  show  that  the  periodicity  of  the  outlet  flovr,  particularly  near  center 
span,  was  excellent. 

The  results  of  individual  pro'oe  surveys  at  the  upstream  and  domstream 
measuring  planes  at  midspan  are  given  in  Figures  15  -  10,  First,  the  flow 
angle  variations  are  shown  in  Figures  15  and  16,  There  was  measured  to  bo 
leas  than  i  0,5  degrees  variation  upstream  of  the  cascade,  and  loss  than 
i  0,75  degrees  variation  do^mstream,  7ne  results  in  Figure  17  are  shom 
for  a  hlad&-to-blade  survey  across  four  blade  spaces,  plotted  over  a  single 
blade  space.  There  '.taa  seen  to  be  an  apparent  lack  of  periodicity  in  the 


results  in  contrast  to  the  rake  resi^lts,  and  an  explanation  was  needed, 

T!ie  data  in  Fig,  17  are  shorn  for  impact  pressure  in  relation  to  the  up¬ 
stream  (fixed)  Kiel  probe  pressure,  normalized  to  the  supply  d^Tiamic  pres¬ 
sure  calculated  from  the  Kiel  probe  and  wall  static  pressure  measurements. 
This  method  of  normalizing  the  distribution  would  be  expected  to  yield  re¬ 
sults  which  would  not  depend  significantly  on  fluctuations  in  the  supply 
conditions.  However,  that  conclusion  in  turn  requires  that  the  Kiel  probe 
measurements  follow  the  supply  fluctuations  linearly.  If  the  inlet  flow  were 
truly  uniform,  this  condition  would  be  satisfied  automatically.  The  guide 
vanes  at  the  test  section  inlet,  however,  generated  walces  which  were  not  at 
all  well  mixed  at  the  Kiel  probe  (or,  as  can  be  seen  in  Fig,  IS,  at  the 
inlet  traversing  plane).  The  consequence  was  that  the  Kiel  probe,  being 
in  the  wake  of  a  guide  vane,  measured  a  reference  total  pressure  which  did 
not  vary  linearly  with  the  mass-averaged  total  pressure  at  the  inlet  mea¬ 
suring  plane.  An  examination  of  the  probe  and  reference  quantities  recorded 
for  the  data  in  Fig,  17  showed  that  the  sur'/ey  probe  pressure  and  the 
tunnel  supply  (plenum)  pressure  qual-itativeiy  followed  the  same  trends, 


whcre3.s  the  Kiel  probe  pressure  did  not. 


The  examination  also  sho'.red  tliat 


the  level  of  the  supply  pressure  v:as  slightly  higher  during  tl:e  probe 
trai/crs9  (slioim  in  Fig,  17)  from  0  to  +C  than  it  \;a.3  during  tl'.o  traverse 
from  -1  to  0,  Tnc  da.ta.  vrere  therefore  rc-rcduccd  by  normalising  wit!:  re¬ 
spect  to  plenum  supply  pressure  and  a  dyinmic  pressure  based  o^:  ple.Timi 
supply  pressure  a::Q  lower  v:all  static  pressure  (Frof  ),  The  results  rxo 
given  in  Table  III  and  rr*c  shewn  plotted  in  Fip.iros  1?  ar.d  20,  It  ca::  be 
seen  that  periodicity  of  both  the  inlet  aiid  exit  flow  was  s.gain  confirm^ed, 
and  that  apparent  fluctuations  in  the  data  were  reduced.  It  e-as  concluded 
that  a  single  fixed  Kiel  probe  measurement  at  the  lower  plane  was  an 
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inadequate  reference  for  cascade  perfomance  rneasurenents  in  vie:r  of  the 
presence  of  tlie  inlet  s^ide  vane  ual:es. 

It  shoiLld  also  be  noted  that  the  presence  of  the  snail  (l/d")  Kiel  probe 
positioned  upstrean  of  the  lov;er  neasurin^  plane  (Fig.  4)  'ras  detectable  in 
the  neasurenonts  nade  at  the  do'-aistrean  plane  uheii  the  test  bladinp  vas 
removed,  The  irrogulao:  distribution  of  the  raize  pressures  sho'-Ti  izi  lip,  21 
uas  fouzid  to  be  due  to  the  presence  of  the  Kiel  probe  '.;hen  positioned  near 
the  center  of  the  test  section  in  the  inlet  flou,  The  near  s^Tnuctrical 
distributions  sho'.n  in  Tip,  13  uere  obtained  './hen  tin.  Kiel  probe  './as  noved 
i/ell  o.rf  center  so  tliat  its  '.raize  would  not  be  cnco’untcred  in  the  surveys 
conzluctad  at  the  upper  neasurencut  plczno. 

Variations  in  the  blo'./er  speed  (and  therefore  in  inlLet  d-^nianic  pressure) 
during  the  probe  survey  ad-so  presented  difficulties  in  calc'ulatizig  the  h.ll. 
The  mass  flux  calculated  at  each  point  in  the  probe  survey  must  be  norm¬ 
alised  to  a  reforence  mass  flux  in  order  to  reduce  the  effect  of  time- 
varying  irf-ct  conditions,  Tno  procedure  adopted, 'uhJ. oh  is  given  in  Appendix 
D,  was  to  calculate  a  reference  aa.ss  flux  for  each  point  i;i  the  survey 
using  2-lenun  pressi/rc  as  the  reference  total  pressure  and  lov/er  './ahl  static 
pressure  as  the  reference  static  pressure.  By  integrating  the  zaass  flux 
ratio  at  both  upstream  and  do\/nstream  planes  over  an  integral  number  of 
blade  passages,  and  taking  the  ratio  of  the  tv/o  integrals,  the  AVBR  ',/a.s 
found  to  be  approximately  1,06, 
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VI.  GOUGLUSIOIfS  AlH)  RSGCfaEJDATIO”? 


The  follov;ing  conclusions  were  reached: 

1.  The  first  cascade  configuration  of  seven  blades  vrith  aspect  ratio 
of  1,25  and  diffusion  factor  of  0,577  gave  unsuitable  flow  conditions;  the 
results  were  prelininary,  however,  because 

i)  lealcage  around  the  blade  ends  resulted  from  a  bowed  plexi¬ 
glass  side  wall, 

ii)  the  proper  behavior  of  the  inlet  guide  vanes  with  a  netal 
screen  attached,  at  the  prescribed ^ s  60  degrees,  was  not 
verified  before  the  cascade  blades  v;ere  installed, 

iii)  upstrean  and  downstrean  probes  were  mounted  together  and 
there  might  have  been  interference  on  the  dovmstrean  probe 
from  the  i;ake  of  the  upstream  probe, 

2,  The  second  cascade  configuration  of  15  blades  with  aspect  ratio 
of  1.95  and  diffusion  factor  of  0,394  gave  excellent  flow  conditions. 
Specifically, 

i)  static  pressure  was  uniform  at  both  upstream  and  dovmstrecm 
stations  to  40,1"  water, 

ii)  impact  pressure  was  periodic  at  the  upstream  measuring  plane 
because  of  inlet  guide  vane  vfalces.  The  peaI:-to-ped:  vari¬ 
ation  was  +4^  of  dynamic  pressure  over  tTO-incIi  intervals. 

The  average  of  the  periodic  profile  i/as  almost  constant  in 
the  blade- to- blade  direction, 

iii)  The  flow  angle  at  mid-span  varied  less  thaniC,5  degrees 
upstream  and  less  than  ±0,75  degrees  at  the  dovmstrcam 
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traversing  plane, 

iv)  Tron  ralce  and  single  sur’/ey  probe  results,  the  flou  doun- 
strean  uas  closely  periodic  over  at  least  the  four  central 
blade  passages. 

v)  The  do^mstrean  flou  uas  independent  of  span'/dse  location 
idtliini2  inches  of  the  nid-span  plane, 

vi)  The  AiTDR  uas  about  1,06, 

3.  The  nechanical  adjustment  procedures  for  the  end  uolls,  and  the 
method  adopted  to  set  the  geometry  of  the  end  i/alls  through  the  cascade, 
u-orhed  uell, 

4,  The  data  acquisition  software  and  acquisition  procedures  were 
satisfactorj',  and  will  serve  future  studies  conducted  in  the  facility. 

The  following  recommendations  are  made: 

1,  Analyze  probe  survey  data  to  evaluate  fully  the  blade  element 
performance  of  the  cascade  (including  mass-averaged  total  pressure  loss 
coefficient,  actual  diffusion  factor,  and  measured  deviation  angle). 

2,  Repeat  measurement  for  a  range  of  incidence  angles, 

3.  Design  and  install  a  screen  tc  eliminate  guide  vane  walces,  and 
repeat  blade  element  measurements. 

4.  Evaluate  various  flow  visualization  techniques, 

5«  Carry  out  e:q:erinents  vri-th  blades  instrumented  with  surface 
pressure  taps,  sc  that  a  momentum  balance  can  be  carried  out  on  the  mid¬ 
span  measurements, 

6,  Evaluate  the  use  of  upstream  side  wall  suction  (for  wiiich  the 
facility  is  designed)  to  reduce  the  boundary  loiter  tiiiclness  and  thereby 
control  the  AVDR  and  secondary  flow  effects. 


TABLE  I. 


Cascade 

Configuration  Data 

Configuration  1 

Conf  igurat: 

Blade  type 

NACA  65-series 

C-serie 

Number  of  blades 

7 

15 

Spacing  (s)  (inches) 

8 

4 

Chord  (c)  (inches) 

8.0 

5.12 

Solidity  (<r) 

1.0 

1.28 

Thickness  (%  chord) 

10 

13.5 

Camber  angle  (y>) 

36 

20 

Stagger  angle  ijf) 

46.1 

16.2 

Air  inlet  angle 

60 

39  ,  8 

Incidence  angle  (i) 

-4.1 

13.6 

Deviation  angle  (S) 

11.5 

6.6 

Air  outlet  angle  (^2 

)  39.6 

12.8 

Diffusion  factor  (D) 

0.577 

0.394 

(Last  three  values  calculated  by  methods  of  Ref.  1) 
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Table  II  Ralce  Survey  Data  Doimstreara 


REBUCED  RflKE  DflTRI  FROM  RflU  DATA  IN  FILE  RAW523 
THIS  REDUCED  DATA  STORED  IN  FILE  RED523 


POINT  »  I  RAKE  position:  7.999 

PLENUM  PRESSURE:  17.68  PLENUM  TEMP:  492.383 

AMBIENT  PRESSURE:  411.893 
TOTAL  PRESSURES: 


POSITION 

Pt-Pa  <inH20> 

S/V  PORT 

.25 

14.64 

7 

.75 

15.23 

8 

1.50 

15.24 

9 

2.50 

14.84 

10 

3.50 

14.39 

12 

4.50 

14.66 

13 

5.50 

14.66 

14 

6.50 

14.71 

15 

7.50 

14.79 

17 

3.50 

15,90 

13 

9.25 

15.53 

19 

9.75 

13.77 

20 

STATIC  pressures: 

POSITION 

Ps-Pa  ( I nH20) 

S/V  PORT 

0.00 

.45 

6 

3.00 

1.75 

1 1 

7.00 

1.92 

16 

10.00 

.06 

21 

POINT  #  2  RAKE  POSITION:  6.997 

PLENUM  PRESSURE;  17.62  PLENUM  TEMP:  492.383 
AMBIENT  PRESSURE:  411.893 
TOTAL  PRESSURES: 


POSITION 

Pt-Pa  (inH20> 

S/V  F 

.25 

13.43 

.  75 

14.33 

y 

1 . 50 

15.53 

9 

2.50 

16.71 

;  0 

3.50 

16.31 

12 

4.50 

16.36 

1  5 

5.50 

16.82 

1  4 

6. 50 

16.  S7 

It 

7.50 

16.72 

1' 

8.50 

16.  10 

13 

9.25 

14.31 

19 

9.75 

12.60 

20 

STATIC  PRESSURES: 


POSITION 

Ps-Pa  tinHwO 

S  V  F 

0.00 

.61 

3.00 

1.35 

1  1 

7.00 

2.24 

i  6 

10.00 

.06 

2  i 
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Ralce  Survey  Data  Do\mstream  (Continued) 


POINT  »  3  68  StEHUrTEMP;  492.383 

plenum  pressure: 

AMBIENT  pressure:  411.348 

total  pressures: 

-  Pt-Pa  <inH20> 

9.  IS 
11.94 
14.71 

15.  4b 

15. 57 
lb.  8S 
lb. 84 

16.  oS 
16.30 

14.57 
12.63 
10.71 


POSITION 
.25 
.75 

1.50 

2.50 

3.50 

4.50 

5.50 

6.50 

7.50 

8.50 
9.25 
9.  75 


S/V  PORT 

7 

8 
9 

10 
12 

13 

14 

15 

17 

18 

19 

20 


STATIC  pressures:  ^ 

POSITION  P»-Fa 

--  .64 

1.84 
2.  13 
.11 


S/V  PORT 


0.  00 
3.00 
7.00 
10.00 


1 1 
16 
2t 


POINT  4  ^PLENUM  TEMP’.  492.383 

plenum  PREboURE.  17. > J 

ambient  pressure:  411.. ^48 

total  pressures: 

-  Pi -Pa  <inH2u- 
3.24 
9.53 
10.76 
15.54 
16.63 

I  ©  .  b  J 
16. 60 
16.50 
15.83 
10.20 
9.22 
8.33 


POSITION 

.25 

.75 

1.50 

2.50 

3.50 

4.50 

5.50 

6.50 

7.50 

3.50 
9.25 
9,75 


r  H  T  I C  PRESSURES. 


POSITION 
0 , 00 
3.00 
7,  00 
10.00 


Pi-Pa  1 inHiO 

.  6S 
1 . 76 
2.11 
.  02 


V  PORT 


•3 

10 
l2 
I  5 

14 

15 
17 
IS 

19 

20 


PORT 

6 

11 
1 S 
21 


27 


Rake  Survey  Data  Downstream  (Continued) 


POINT  «  5  RRKE  POSITION:  4.493 

PLENUM  pressure:  17.82  PLENUM  TEMP:  492.383 
RMBIENT  PRESSURE:  411.757 


TOTAL  pressures: 


POSITION 

Pt-Pa  <inH20> 

S/V  PORT 

.25 

10.70 

.75 

13.06 

8 

1.50 

12.72 

2.50 

14.36 

10 

3.50 

15.  70 

12 

4.50 

16.  16 

13 

5.50 

1 6 .  26 

14 

6.50 

15.97 

15 

7.50 

14.88 

17 

8.50 

11.59 

18 

9.25 

12.78 

19 

9.75 

11.52 

20 

STATIC  PRESSURES: 

POSITION 

Ps-Pi  <inH20.' 

SyV  PORT 

0.00 

.55 

6 

3.00 

1.60 

1 1 

7.00 

1.97 

16 

10.00 

.  13 

21 

POINT  »  6  RAKE  POSITION:  4.003 

PLENUM  pressure:  17.71  PLENUM  TEMP:  492.333 

AMBIENT  PRESSURE:  412. ISS 
TOTAL  PRESSURES; 


POSITION 

Pt-Pa  <1nH20> 

3- V  PORT 

.25 

12.96 

.75 

15.13 

3 

1 . 50 

15.32 

9 

2.50 

14.69 

10 

3.50 

14.16 

12 

4.50 

14.08 

13 

5.50 

14.  13 

14 

6.50 

14.25 

15 

7.50 

14.34 

17 

3.50 

15.64 

IS 

9.25 

15.54 

19 

9.75  13.33 

SThTIC  PRESSURES: 

20 

POSITION 

Pa-Pa  <inH20> 

3.  V  PORT 

0.00 

.58 

6 

3.00 

1 . 60 

1 1 

7.00 

1.35 

1 6 

10.00 

.  10 

2  1 

2S 


Raise  Survey  Data  Downstream  (Continued) 


POINT  #  7  RflKE  position:  3.495 

PLENUM  PRESSURE:  17.77  PLENUM  TEMP: 

NMBIENT  PRESSURE:  411.521 
TOTAL  PRESSURES: 


POSITION 

.25 

.75 

1.50 


Pt“Pa  <iriH20) 
12.89 
15.  IS 
15.05 


S/V  PORT 
7 
S 
9 


2.50 

16.57 

10 

3.50 

16.50 

12 

4.50 

15.67 

13 

5.50 

15.51 

14 

5.50 

16.52 

15 

7.50 

16.54 

17 

8.50 

15.28 

18 

9.25 

14.78 

19 

9.  75 

13.45 

20 

STATIC  PRESSURES: 

POSITION 

P»-Pa  <iriH20> 

3-^V  PORT 

0.00 

.58 

6 

3.00 

1.35 

1 1 

7.00 

2.07 

16 

10.00 

.08 

21 

POINT  i  8 

RAKE  POSIT 

ION;  3.007 

PLENUM  PRESSURE:  17.76 

PLENUM  TEMP 

AMBIENT 

pressure:  411 

.621 

TOTAL  pressures: 

POSITION 

Pt-Pa  <iriH20> 

3.  V  PORT 

.25 

12.52 

.75 

14.62 

y 

1.50 

16.18 

9 

2.50 

16.77 

10 

3.50 

16.89 

12 

4.50 

16.33 

13 

5.50 

16.73 

14 

5.50 

16.  72 

15 

7.50 

16.61 

1  7 

3.50 

15.88 

13 

9.25 

14.20 

19 

9.75 

12.57 

20 

VIATIC  PRES 

3URES: 

POSITION 

P*-Pa  <iriH20 

3  V  ACt-  f 

0.00 

.73 

6 

3.00 

1.87 

1 1 

7.00 

2.  16 

16 

10.00 

.03 

21 

492.383 


492. 383 


20 


Rake  Survey  Data  Dov/nstream  (Continued) 


POINT  »  9  RftKE  position:  2.501 

PLENUM  PRESSURE:  17.71  PLENUM  TEMP:  492.333 

AMBIENT  PRESSURE;  411.757 
TOTAL  PRESSURES: 


POSITION 

Pt-Pk  <inH20) 

S.'V  PORT 

.25 

11.17 

7 

.75 

14.53 

8 

1.50 

10.06 

9 

2.50 

10.95 

10 

3.50 

10.82 

12 

4.50 

17.02 

13 

5.50 

16.97 

14 

S .  50 

17.05 

15 

7.50 

17.00 

17 

8.50 

15.79 

18 

9.25 

13.57 

19 

9.75 

11.90 

20 

STATIC  PRESSURES: 

POSITION 

Pi-P*  <inH20> 

S'^V  PORT 

0.00 

.  50 

0 

3.00 

1.81 

1  1 

7.00 

2.  19 

10 

10.00 

.  18 

21 

POINT  *  10  rake  position: 

PLENUM  PRESSURE;  17.72  PLENUM  TEMP:  492.383 
AMBIENT  PRESSURE:  412.029 
TOTAL  PRESSURES: 


POSITION 

Pt-Pa  <1nH20> 

S/V  PORT 

.25 

9.  11 

.  75 

12.59 

1.50 

15.39 

2.50 

10.05 

10 

3.  50 

10.  70 

12 

4.50 

10.30 

1  3 

5.50 

10.92 

14 

0.50 

10.  7S 

15 

7.50 

1  0 . 00 

17 

8.50 

14.78 

18 

9.25 

12.47 

19 

9.75 

10.01 

20 

■:'iHTIC  PRESSURES: 

Position 

Pi -Pi  <  I  fiH20  • 

i'V  PORT 

0.00 

.40 

r;. 

3.00 

1.75 

1 1 

7.00 

2.  1 1 

1  0 

10.00 

-.03 

21 

1 . 989 


30 


Rake  Suirvey  Data  Downstream  (Continued) 


POINT  »  U  position:  1.494 

PLENUM  PRESSURE:  17.72  PLENUM  TEMP*.  492.383 

PMBIENT  PRESSURE:  411.757 

total  pressures;  ^ 

POSITION  Pt-P*  <ioH20->  o-'V  PORT 


.25 

7.52 

7 

.75 

10.01 

3 

1.50 

15.  16 

9 

2.50 

16. 60 

10 

3.50 

16.59 

12 

4.50 

16.62 

13 

5.50 

16.57 

14 

6.50 

16.60 

15 

7.50 

16.26 

17 

8.50 

12.05 

1 S 

9.25 

9.97 

19 

9.75 

8.61 

20 

STATIC  pressures; 

POSITION  Ps-P*  <inH20‘ 

S/V  PORT 

0.00 

.48 

6 

3.00 

1.82 

1 1 

7.00 

2.07 

1 6 

10.00 

-.10 

21 

POINT  «  12  POSITION: 

Plenum  pressure:  i7.r5  plenum  TEf’tP:  492.383 
AMBIENT  PRESSURE:  4U.4S5 

TOTAL  pressures; 

POSITION  Pt-Pa  <»nH20>  S  W  FORT 


.25 

9.82 

.75 

8 . 82 

1.50 

14.60 

2.50 

16.63 

3.50 

16.68 

4.50 

16.84 

5.50 

16.83 

6.50 

16.75 

7.50 

15.59 

8.50 

9.  76 

9.25 

9.02 

9.75 

7.95 

ITIC  PRESSURES: 

.  1 T I  ON 

Pi-Pa  <inH20 

0.00 

.59 

3 . 00 

1.80 

7.00 

2.02 

10.  00 

.  18 

31 


'TIK;:. 


Rake  Survey  Data  Downstream  (Continued) 


POINT  #  13  RlilkE  POSITION!  .507 

PLENUM  PRESSURE:  17. S8  PLENUM  TEMP:  492.383 
RMBIENT  PRESSURE;  411.893 


TOTAL  PRESSURES; 


POSITION 

Pt-Pa  <1nH20) 

S/V  PORT 

.25 

13.31 

.75 

12.40 

8 

1.50 

13.74 

9 

2.50 

15.44 

10 

3.50 

15.63 

12 

4.50 

15.91 

13 

5.50 

15.99 

14 

6.50 

15.75 

15 

7.50 

14,34 

17 

8.50 

12.00 

18 

9.25 

13.02 

19 

9.75 

11.30 

20 

STATIC  PRESSURES; 

POSITION  Ps-P*  <1nH20) 

S''V  PORT 

0.  00 

.56 

6 

3.00 

1.61 

11 

7.00 

1.80 

16 

10.00 

.  13 

21 

POINT  #  14 

PLENUM  PRESSURE:  17.71 

AMBIENT  PRESSURE;  412 
TOTAL  PRESSURES: 


POSITION 

Pt-Pa  <ifi 

,25 

14.77 

,75 

14.40 

1.50 

13.39 

2.50 

13.85 

3.50 

14.  14 

4.50 

14.44 

5.50 

14.22 

6.50 

13.99 

7.50 

13.41 

8.50 

14.11 

9,25 

14,45 

9.  75 

12.74 

S'ihTIC  PRESSURES: 

POSITION 

Ps-Pa  <ii 

0.00 

,52 

3.00 

1.49 

7.00 

1.72 

10.00 

.20 

RAKE  POSITION:  .256 
PLENUM  TEMP:  492.383 
029 

Sx  V  PORT 
7 
3 
9 
10 
12 
1  5 
*  4 
15 

17 

18 

19 

20 

S- V  PORT 
6 
:  l 
18 
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Rake  Survey  Data  Dovmstrean  (Continued) 


POINT  »  15  position: 

PLENUM  PRESSURE;  17.74  PLENUM  TEMP;  492.383 
AMBIENT  PRESSURE:  411. S21 
TOTAL  PRESSURES: 


POSITION 

Pt-Pa  <inH20> 

S^-V  PORT 

.25 

14.  15 

7 

.75 

15.55 

8 

1.50 

15. 16 

9 

2.50 

14.50 

10 

3.50 

14.52 

12 

4.50 

14.32 

13 

5.50 

14.31 

14 

€.50 

14.32 

15 

7.50 

14.70 

17 

8.50 

16.02 

13 

9.25 

15.53 

19 

9.75 

13.57 

20 

STATIC  pressures; 

POSITION 

Ps-Pa  <inH20> 

S/V  PORT 

0.00 

.71 

6 

3.00 

1.53 

1 1 

7.00 

1.81 

16 

10.00 

.  10 

21 

POINT  i  16 

RAPI 

PLENUM  pressure;  17.68 

PLENUM  TEMP 

AMBIENT 

PRESSURE:  411. 

485 

TOTAL  PRESSURES: 

POSITION 

Pt-Pa  <inH20> 

S'V  PORT 

.25 

14.74 

.75 

15.  13 

8 

1.50 

15.33 

9 

2.50 

16.24 

10 

3.50 

16.25 

12 

4.50 

16.01 

13 

5.50 

16.03 

14 

6.50 

16.  12 

15 

7.50 

16.38 

17 

8.50 

16.49 

1 3 

9.25 

15.30 

19 

9.75 

13. 70 

20 

97HTIC  PRESSURES; 

POSITION 

Pi-Pa  •  inh20;' 

i  V  PORT 

0.00 

.  50 

3.00 

1 . 64 

1 1 

7.00 

1.89 

1 6 

10.00 

-.01 

21 

POSITION; 

492.383 


.014 


-.245 


33 
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Rake  .lurvey  Data  Downstrean  (continued) 


PfiiMT  tt  i’  position; - 

PLEMUH  PRESSURE:  17.75  PLENUM  TEMP:  492.383 

AMBIENT  PRESSURE:  411.621 


TOTAL  PRESSURES: 

POSITION  Pt-P*  <)nH20> 

S-'V  PORT 

.25 

14.01 

7 

.75 

14.84 

8 

1.50 

15.84 

9 

2.50 

16.46 

10 

3.50 

16.51 

12 

4.50 

16.53 

13 

5.50 

16.45 

14 

6.50 

16.50 

15 

7.50 

16.60 

17 

8.50 

16.  14 

18 

9.25 

14.82 

19 

9.75 

13.  18 

20 

STATIC  PRESSURES: 

POSITION  P»-Pa  <jnH20^ 

S/V  PORT 

0.  00 

.51 

6 

3.00 

1.76 

1 1 

7.00 

2.00 

16 

10.00 

-.13 

21 

POINT  •  13 

PLENUM  PRESSURE:  17.76 

ambient  pressure:  411.343 
TOTAL  PRESSURES: 


RAKE  position; 
PLENUM  temp:  492.383 


POSITION 

.25 

.75 

1.50 

2.50 

3.50 

4.50 

5.50 

6.50 

7.50 

3.50 
9.25 
9.75 


Pt-Pa  <iriH20> 
12.41 
13.93 

15.34 
16.56 
16.74 
16.87 

16.35 
16.81 
16.63 
16.00 
13.98 
12.39 


STATIC  PRESSURES: 


S  V  PORT 

8 

9 

10 

12 

13 

14 
I*". 

17 

15 
1  3 
20 


POSITION 

Pj-P*  •:iriH20- 

0.00 

.  60 

6 

3.00 

1.7S 

1 1 

7.00 

2.03 

16 

10.00 

-.01 

2  i 

.495 


-1.018 


34 


Rake  Survey  Data  Dovmstream  (Continued) 


POINT  »  19 

plenum  PRESSURE:  17.7 

PMBIENT  pressure:  411 


RftKE  position: 
PLENUM  TEMP:  492.383 
757 


TOTftL  PRESSURES: 

POSITION  Pt-P*  <jnH20> 

S/'V  PORT 

.25 

11.02 

'y 

.75 

13.30 

3 

1.50 

14.78 

9 

2.50 

18.  12 

10 

3.50 

18.84 

12 

4.50 

18.98 

13 

5.50 

18.94 

14 

16 . 50 

17.01 

15 

7.50 

18.58 

17 

8.50 

15.47 

13 

9.25 

13.69 

19 

9.75 

1 1. 70 

20 

STPTIC  PRESSURES: 

POSITION  P*-Pa  <inH20> 

S'V  PORT 

0.00 

.53 

8 

3.00 

1.70 

11 

7.00 

2.02 

l8 

10.00 

-.  14 

21 

1 


POINT  *  20 

plenum  pressure:  17.7 


ftMBIENT 

pressure:  411 

TOTRL  PRESSURES: 

POSITION 

Pt -Pa  <  i nH20'> 

.25 

9.99 

.75 

12.18 

1.50 

15.03 

2.50 

18.28 

3.50 

18. 83 

4.50 

16.  75 

5.50 

18.91 

8.50 

18.77 

7.50 

18.43 

3.50 

14.49 

9.25 

12. 38 

9.75 

10.04 

iiHTIC  PRESSURES: 
(-■OSITION  Ps-P* 
0.00  • 
5.00  l.E-? 

7.00  2.00 

10.00  -.05 


RFlKE  POSITION: - 
plenum  TEMP:  492.383 
821 

V  F OR T 


10 

12 

13 

14 

15 
1~ 

IS 

1? 

20 

S  V  POFT 

1  1 
IS 
21 


2.009 
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Rake  Survey  Data  Downstream  (Continued) 


POINT  #  21  PP|K£  POS I  T IONI  •  495 

PLENUM  pressure:  17.74  PLENUM  TEMP:  492.383 

NMEIENT  pressure:  412.165 


TOTftL  pressures: 


POSITION 

Pt-Pa  <.ir'iH20> 

SxV  PORT 

.25 

7.43 

7 

.75 

9.78 

8 

1.50 

13.  13 

9 

2.50 

16.03 

10 

3.50 

16.53 

12 

4.50 

16.58 

13 

5.50 

16.60 

14 

6.50 

16.  65 

15 

7. 50 

16.33 

17 

8.50 

12.20 

13 

9.25 

10.03 

19 

9.75 

7.85 

20 

STATIC  PRESSURES: 

POSITION  P»-Pa  <inH20> 

S/V  PORT 

0.00 

.44 

6 

3.00 

1 . 66 

1 1 

7.00 

2.03 

16 

10.00 

-.  10 

21 

POINT  *  22 

PLENUM  PRESSURE:  17.75 
AMBIENT  pressure:  ^ 
TOTAL  pressures: 


RAKE 

PLENUM  temp; 


411.621 


POSITION 

.25 

.75 

1.50 

2.50 

3.50 

4.50 

5.50 

6.50 

7.50 

8.50 
9.  25 
9.  75 


•Pa  <iriH20'<' 
8. 15 

9.51 
11.61 
16.01 
16.63 
16.58 
16.72 
16.76 
15.96 

9.88 

8.52 
3.21 


S,  V  PORT 


iTfiTlC  PRESSURES: 
POSITION  Ps-Pa 


i  nH20 


0.00  .43 

3.00  1.63 

7.00  1.95 

10.00  .11 


1 1 
16 
21 


POSITION: -3. 005 
492.383 


36 


Ralce  Survey  Data  Doimstrean  (Continued) 


POINT  #  23 
PLENUM  PRESSURE: 


76 


RAKE 
plenum  TEMP: 


AMBIENT 

pressure:  411. 

757 

TOTAL  PRESSURES: 

S/V  PORT 

POSITION 

pt-Pa  ^iriH20> 

,25 

11.85 

7 

.75 

13.54 

8 

1.50 

12.57 

9 

2.50 

15.40 

1  0 

3.50 

16.31 

12 

4.50 

16.28 

13 

5.50 

16.25 

14 

6. 50 

15.99 

15 

7.50 

14.48 

1? 

8.50 

11.38 

13 

9.25 

12.44 

19 

9.75 

11.88 

20 

STATIC  pressures: 

S/V  PORT 

position 

Ps-Pa  <inH20> 

0.00 

.41 

6 

3.00 

1.58 

11 

7.00 

1.77 

16 

10.00 

.03 

21 

point  »  24 

RAKE 

PLENUM  PRES 

SURE;  17.73 

PLENUM  TEMP: 

AMBIENT 

pressure:  412 

.  165 

TOTAL  pressures: 

S,'V  PORT 

POSITION 

Pt-Pa  <inH2uJ 

.25 

1  3, 36 

7 

.75 

15.43 

1.50 

15.93 

Cl 

2.50 

14.29 

10 

3.50 

13.96 

12 

4,50 

14.  10 

13 

5.50 

14.00 

14 

6.50 

14.05 

15 

7.50 

14.25 

17 

8.50 

15.72 

13 

9.25 

15.56 

1 

9,  75 

13.53 

20 

:.r,-tTiC  pressures: 

•  3  V  FORT 

POSITION 

Ps-Pa  OnriCO 

0.00 

.44 

*:■ 

3.00 

1 . 40 

1  1 

7.00 

1.71 

1  6 

10.00 

-.04 

21 

POSIT1ON:-3.506 

492.383 


position: -4. 009 
492.383 


37 


Tlake  Survey  Data 


DoTOstreaa  (Continued) 


POlItT  <k  25 

PLENUM  pressure:  17.34 

AMBIENT  pressure:  411.621 

total  pressures; 


PAKE 

TEMP: 


POSITION 

.25 

.75 

1.56 

2.50 

3.50 

4.50 

5.50 
E.  50 

7.50 

8.50 
9.25 
9.75 

STATIC  PR 
POSITION 
0.00 
3.00 
7.00 
10.  00 


Pt-Pa  <inH20'^ 
13.43 
15.02 
16.41 
16.68 
16.57 
16.65 
16.54 


S/V  PORT 
7 
3 
9 

10 

12 

13 

14 

15 


16.75 

17 

16.72 

1 3 

15.34 

19 

13.  19 

20 

:s: 

■  Pa  <inH20) 

S/V  PORT 

.61 

6 

1 . 76 

11 

2.03 

16 

.06 

21 

position: -4.511 
492.333 


POINT  #26 

plenum  pressure:  17.7e. 

ambient  pressure:  411. 
TOTAL  pressures;  _ 

POSITION  Pi -Pa  <iriHLO.> 
.25  12.32 

.75 


1 . 50 

2.50 

3.50 

4.50 

5.50 

6.50 

7.50 

5.50 
9.25 
9.  75 


16. 

20 

16. 

82 

16. 

77 

16- 

77 

16. 

73 

16. 

63 

16. 

75 

16 

45 

14 

82 

12 

76 

rak:£ 
plenum  temp*. 

485 


S  'V  PORT 


10 

12 

15 

14 

15 

17 

18 

19 

20 


iTATIC  PRESSURE 
POSITION  P 
0.  00 
3.00 
7.00 

1  A  AO 


Pa  <  i  fiHCu  ' 
.50 
1.74 
1.98 


S/V  P'OPT 
6 
1 1 
16 
21 


POSIT  ion: -5. 002 
492.383 


Ralce  Survey  Data  Domstrean  (Continued) 


POINT  *  i7 

plenum  PRESSURE:  17.72 


PMBIENT 

PRESSURE:  411 

total  pressures: 

PC ilTION 

Pt-Pa  <inH20) 

.25 

10. 63 

.75 

13.75 

1.50 

15.80 

2.50 

16.66 

3.50 

16.82 

4.  50 

16.95 

5.50 

16.93 

6 . 50 

1 6 . 96 

7.50 

16.93 

8.50 

15.42 

9.25 

13.21 

9.  75 

10.85 

STATIC  pressures: 

POSITION 

Ps-Pa  C  i  riH20 

0.00 

.43 

3.00 

1.66 

7.00 

2.03 

10.00 

.05 

RmKE  posit  ion: -6. 003 
PLENUM  TEMP*.  492.333 
757 

S/'V  PORT 

8 

9 

10 

12 

13 

14 

15 

17 

18 

19 

20 

S/V  PORT 
6 
11 
1  o 
21 


POINT  i  28 

PLENUM  PRESSURE:  17.7 
PMBIENT  PRESSURE; 
TOTOL  PRESSURES; 


411 


PLENUM 

621 


RPKE 

TEMP: 


POSITION;' 

492.383 


.  992 


POSITION 

.25 

.75 

1.50 

2.50 
3.  50 

4.50 

5.50 

6.50 

7.50 


Pt“Pci  inHilO) 

3.05 

3.04 

12.74 

16.42 

16.66 

16.32 

16.78 

16.71 

16.44 


S.50 

10.  64 

IS 

•i  25 

9.41 

19 

9.75 

7.81 

2  >3 

TIC  pressures: 

ITIOr<  Ps-Pa  '.iriH20.i 

S  V  P 

0 . 00 

.53 

3.00 

1 . 72 

1  1 

7.00 

2.04 

1 6 

10.00 

-.08 

21 

S/V  PORT 


10 

12 

13 

14 

15 
17 


JRT 


Ralce  Survey 


Data  Dotmstrean  (Continued) 


POINT  #  2^  n-nivc. 

plenum  pressure:  17.69  PLENUM  TEMP: 
PMBIENT  pressure:  411. S93 


TGTRL  pressures: 

S/V  PORT 

POSITION 

Pt  -Pa  <  i  nH20  .> 

.25 

13.94 

7 

.75 

15.  31 

S 

1 . 50 

15.28 

2.50 

14.53 

10 

3.50 

14.07 

12 

4.50 

14.06 

13 

5.50 

14.01 

14 

6 . 50 

13.99  • 

15 

7.50 

14.14 

17 

8.50 

15.  64 

1 3 

9.25 

15.64 

19 

9.75 

13.39 

20 

STRTIC  pressures: 

POSITION  Ps-Pa  <;iriH20> 

S/'V  PORT 

0.00 

.37 

6 

3.00 

1.43 

1 1 

7.00 

1.63 

16 

10.00 

-.05 

2 1 

position:- 

492.383 


I 


3.003 


t 


I 


40 


% 


Table  III 


Survey  Probe  Data 


DftTfi  FROM  FILE  REPLS3 
BLrtDE  TO  ELODE  TRAVERSE 


LOWER  PLANE 


Point 

Loc  •  1 11 1 

0--Qlr«f 

Pi''C!lr«f 

Pt  -oiref 

Xz-Krti 

»ir4ir 

4 • -  *  4  -  4* ■ 

1 

*8.00 

.3210 

-.0000 

.0821 

.  3603 

2 

-7.80 

.3387 

.0000 

.06  37 

.3633 

3 

-7.80 

.3720 

-.0000 

.0231 

.3861 

4 

-7.40 

.3354 

.0000 

.0152 

.3328 

5 

-7.20 

.3318 

.0000 

.0085 

.  3353 

o 

-7.00 

.9903 

-.0000 

.0034 

.3955 

7 

-6.80 

1 . 0026 

.0000 

-.0027 

1.0013 

d 

-6.60 

.9806 

-.0000 

.0201 

.  3304 

9 

-6.40 

.9647 

.0000 

.0367 

.9825 

10 

-6.20 

.9262 

.0000 

.0767 

.3625 

1 1 

-6.00 

.9179 

.0000 

.0852 

.3537 

12 

-5.80 

.9394 

.0000 

.0623 

.9637 

13 

-5.60 

.9685 

.0000 

.  0327 

.  3844 

14 

-5.40 

.9353 

.0000 

.0148 

.3350 

15 

-5.20 

.9910 

- . 0000 

.  0034 

.3955 

i6 

-5.00 

.9879 

-.0000 

.0126 

.  3940 

1? 

-4.90 

.9905 

-.0000 

.0033 

.9953 

la 

-4.60 

.9745 

-.0000 

.0265 

.3874 

13 

-4.40 

.9564 

-.0000 

.0454 

.9763 

20 

-4.20 

.9233 

.0000 

.0734 

.  3645 

21 

-4.00 

.9112 

-.0000 

.0922 

.3552 

22 

-3.30 

.9217 

-.0000 

.0814 

.  3606 

23 

-3.60 

.9585 

.0000 

.04  32 

.3793 

24 

-3.40 

.  9339 

.0000 

.0167 

.3920 

25 

-3.20 

.9875 

-.0000 

.0130 

.3958 

2$ 

-3.00 

.3888 

.0000 

.0117 

.3945 

27 

-2.80 

.9867 

-.0000 

.0133 

.  3334 

29 

-2.60 

.3862 

.0000 

.8144 

.3332 

23 

-2.40 

.9471 

-.0000 

.0550 

.9736 

30 

-2.20 

.9236 

.0000 

.0741 

.3642 

31 

-2.00 

.3143 

-.0000 

.0830 

.  956S 

32 

-1.30 

.  9377 

-. 0000 

.  0647 

.3683 

33 

-1.60 

.3730 

.0000 

.0231 

.3866 

34 

-1.40 

.3733 

.0000 

.02:5 

.  33. *8 

35 

-1.20 

.3336 

-.0000 

.0170 

.  3319 

3d 

-1.00 

.9857 

-.0000 

.0143 

.  3329 

37 

-.30 

.3720 

-.0000 

.  0231 

.  3861 

38 

-.  60 

.3634 

.0000 

.0381 

.  3318 

38 

-.40 

.9431 

.0000 

.  0523 

.  3746 

40 

-.20 

.3133 

-.0000 

.0'343 

.  3583 

41 

0.00 

.3147 

-.0000 

.  0836 

.3570 

42 

.20 

.9038 

-.0000 

.0347 

.9540 

43 

.40 

.  3333 

-.0000 

.  0638 

.9668 

44 

.60 

.  3566 

-.0000 

.0451 

.  3784 

45 

.30 

.*304 

.  0000 

.  0  1  00 

.  *35  3 

40 

1.00 

.  3370 

- .  OOC'0 

.0012 

.  ?385 

47 

1.20 

.3375 

-.0000 

.01  :.o 

.  33  38 

48 

1 . 40 

.3712 

-  .  0000 

.0233 

.  3857 

*? 

1 . 60 

.36?5 

- . 0000 

.0;.73 

.  3313 

50 

1 . 30 

.  3293 

.  0000 

.0'28 

.  364  3 

« 
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3t?rvey  Frobc-  Data.  ( 3ontj.nued) 


51 

2.00 

.9284 

52 

,2.20 

.9403 

53 

2.40 

.9704 

54 

2.60 

.  9863 

55 

2.30 

1 . 0066 

56 

3.00 

.9733 

57 

3.20 

.9841 

58 

3.  40 

.9691 

59 

3.60 

.9451 

60 

3.80 

.9163 

61 

4.00 

.9295 

62 

4.20 

.9467 

63 

4. 40 

.  9789 

64 

4 . 60 

.  9363 

65 

4.30 

1.0017 

66 

5.00 

,9909 

67 

5.20 

.9667 

68 

5.40 

.9740 

69 

5.60 

.9323 

70 

5.80 

.9231 

71 

6.00 

,9159 

72 

6.20 

.9475 

73 

6.40 

.9805 

74 

6.60 

.9824 

.’5 

6.30 

.9913 

76 

7.00 

.9902 

77 

7.20 

.9913 

78 

7.40 

,9805 

79 

7.60 

.9549 

80 

7.30 

.9293 

81 

8.80 

.9  379 

D8T8 

IH  F>  l«  1.382 

BfCorO  *11 

0''0r«f 

R*cor'l  «2l 

P»  Qrff 

Record  #3! 

PtyOr*f 

Rtcord  *41 

X/  Xr«*' 

Record  *5; 

Po»i  t  1  on: 

00(10 
.0000 
.0000 
.0000 
-.0000 
.0000 
.0000 
.0000 
-.0000 
-.0000 
.0000 
-.0000 
-.0000 
-.0000 
.0000 
-.0000 
- .  0000 
.0000 
.aoee 
-.oaaa 
•.eeaa 
-.aeae 
-.ooae 
.aeee 
- . 0000 
-.0000 
.0000 
-.0000 
.0000 
-.0000 
.0000 


.0/43 
.  06il 
.0300 
.0143 
-.OOiO 
.02/0 
.  OiSS 
-.0321 
.0571 
.OS^S 
.0732 
.0554 
.0220 
.0142 
-.0010 
.0034 
.0347 
.0270 
.0704 
.0799 
.0373 
.0540 
.0203 
.0132 
.0090 
.0102 
.0085 
.0203 
.040? 
.0734 
.  0o45 


.  9041 
.3701 
.  905  3 
.9)32 
1.0032 
.9868 
.9922 
.9647 
.9726 
.9531 
.9640 
.  ?7  34 
,9895 
.9932 
1 . 0009 
.9955 
,9834 
.9871 
.9661 
.  9614 
,9577 
.9733 
.9903 
,9913 
.  9957 
.9951 
,  9960 
.  9904 
.9775 
.9645 
,9689 
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Survey  Fro be  Data  (Continued) 


DftTfl  FROM  file  IJ3SM 
BLADE  TO  BLADE  TRAVERSE 


UPPER  PLANE 


Po  1  nt  t.oc  <  \n  '> 

Q  -  Qlrt* 

Pi- 01r«F 

Pt-  0lr4f 

r*-i* 

f-44444444* 

I 

-8.01 

.6559 

.2326 

,06»9 

.  3052 

2 

-7.31 

.  6 2 9o 

.2876 

.0987 

.7872 

3 

-7.33 

.6013 

.2314 

.  1299 

.  7720 

4 

-7.72 

.9779 

.2780 

.  1571 

.7971 

5 

-7.81 

.9767 

.2792 

‘.1611 

.7963 

6 

-7.52 

.9825 

.2734 

.  1519 

.  7601 

* 

-7.42 

.9991 

.2799 

.1334 

.7707 

8 

-7.32 

.6281 

.2831 

.  1006 

.7889 

9 

-7.22 

.6483 

.2313 

.0312 

.3014 

10 

-7.13 

.6999 

.2791 

.0725 

.8082 

1 1 

-7.03 

.6761 

.2762 

.0932 

.3183 

22 

-6.34 

.6896 

.2772 

.0476 

.3239 

13 

-6.69 

.6967 

.2759 

.0379 

.3309 

14 

-6.46 

.6994 

.2746 

.0360 

.8321 

19 

-6.26 

.7090 

.2799 

.  0295 

.8354 

16 

-6.09 

.7084 

.2733 

,0276 

.33. ’4 

17 

-9.89 

.7081 

.2706 

.0312 

.3373 

18 

-9.66 

.7086 

.2717 

.0297 

.3375 

13 

-9.49 

.7029 

.2790 

.0327 

,8339 

28 

-9.29 

.6962 

.2763 

.0373 

.8302 

21 

-9.04 

.6909 

.2783 

.  0409 

.9269 

22 

-4.84 

.6878 

.2770 

.0458 

.3252 

23 

-4.64 

.6909 

.2796 

.0401 

.3269 

24 

-4.44 

.6983 

.2773 

.034  3 

.8316 

29 

-4.23 

.6874 

.2341 

.0392 

.3247 

26 

-4.13 

.6691 

.2336 

.0976 

.3113 

27 

-4.03 

.6331 

.2904 

.0887 

.  7916 

28 

-3.33 

.6031 

.2397 

.  1201 

.  7729 

23 

-3.33 

.9739 

.2836 

.  1961 

.7542 

38 

-3.63 

.9676 

.  2320 

.1641 

.  7501 

31 

-3.43 

.6131 

.2363 

.1133 

.7792 

32 

-3.24 

.6936 

.2834 

.0696 

.3074 

33 

-3.09 

.6677 

.2300 

.0637 

.3130 

34 

-2.32 

.6707 

.2763 

.  06  5  7 

.8149 

39 

-2. 63 

.6827 

.2747 

.05?7 

.8220 

36 

-2.43 

,6879 

.2772 

.0459 

.8251 

■’7 

-2.23 

.6870 

,273! 

.0459 

.3245 

38 

-2.03 

.7027 

.2773 

.0100 

.9338 

3^ 

-1.83 

.6929 

.27*9 

.  0424 

.8291 

-1.62 

.6530 

.2790 

.0397 

.3291 

41 

-1.44 

.6927 

.2766 

.0414 

.3280 

42 

-1.23 

.6829 

.2303 

.  0479 

.  3221 

43 

-1.03 

.  6340 

.2799 

.0511 

.3228 

44 

-.  51 

,6797 

.2791 

.05  39 

.3196 

4? 

-.62 

,  6344 

.2805 

.  04  62 

.3229 

4<f 

-.42 

,  6996 

.2353 

.  0422 

.  3235 

47 

-.24 

.6343 

,  2399 

.0414 

.3227 

49  ■ 

-.  12 

.  6700 

.2?»i 

.052  3 

.3141 

4<i 

-.03 

.639" 

.259  3 

.  0  ■  i  5 

.  7  ■  0 

Ti  F  ■  i  4  I.I88M1 

;  w'  2  *11 

».'•  :-f4t 

ii: 

Pi 

^  4  r  -a  tl  i  ; 

P »  '■  1  •;  f 

P-^Lvr-l  «4: 

■  r  4  f 

* 


43 


.  « 


Stlrvey  Probe  Data  (Continued) 


DATA  FAOn  FILE  UddP 
SLADE  TO  BLADE  TRAVERSE 


UPPER  PLANE 


P  5 1  n  » 

Loc  tin- 

0- 01r*p 

Pj ■ 0;r«p 

P* .  Oli*«f 

S. -y.rt 

«  «  »  4  ♦ 

1 

.07 

.  6096 

.2927 

.1110 

.7768 

2 

.  1^ 

.5335 

.2938 

.1397 

.  7601 

3 

.Z€ 

.5609 

.2343 

.  1637 

.  7456 

4 

.37 

•  Seo*» 

.2840 

.  U57 

.  7483 

5 

.47 

.5702 

•  2646 

.  1595 

.  7516 

6 

.57 

.5901 

.2887 

.  1349 

.  7644 

.67 

.6124 

.  2930 

.  1078 

•  7766 

.73 

.6393 

.2911 

.08)6 

.  71^76 

9 

.37 

.6423 

.2364 

.0833 

.  7872 

le 

.96 

.6593 

.2325 

.0697 

.8030 

1 1 

1.  IS 

.661 1 

.2344 

.0664 

.3088 

12 

1.34 

.2824 

.0597 

.£^140 

13 

1.54 

.6734 

.2330 

.0500 

.3192 

14 

1.74 

.6733 

.2338 

.  0495 

.3191 

n 

1.93 

.6391 

.2300 

.0420 

.3256 

1  O 

2.  14 

.6335 

.2836 

.0444 

.3222 

17 

2.35 

.6866 

.2322 

.0425 

.  3241 

13 

2.55 

.6339 

.2738 

.3435 

.8226 

19 

2.75 

.6326 

.2822 

•  0466 

.3217 

20 

2.96 

.6339 

.2841 

.0433 

.3224 

21 

3.  14 

.6361 

.2830 

.0421 

.32  38 

22 

3.35 

.6936 

.2820 

.0355 

.8232 

23 

3.55 

.6867 

.2836 

.0360 

.3240 

24 

3.76 

.6702 

.2981 

.0432 

.8140 

25 

3.36 

.6512 

.2980 

.3631 

.8024 

2E 

3.96 

.6129 

.2975 

.  1029 

.  7737 

27 

4.06 

.5342 

.2919 

.1377 

.  ■'606 

23 

4.15 

.5648 

.2831 

.  1665 

■  746*,' 

29 

4.26 

.5590 

.2857 

.  1699 

.  744  3 

:o 

4.36 

.5684 

.2379 

.  1531 

.  7504 

31 

4.49 

.6053 

.2872 

.1209 

.7742 

32 

4.60 

.6295 

.  2390 

.0943 

.  7893 

33 

4 . 

.  6390 

.2875 

.0360 

.7952 

34 

4.80 

.6518 

.2908 

.0696 

>  30  30 

35 

4. 89 

.6677 

.2316 

.0624 

.  3 1 : 3 

3€ 

5.08 

.6751 

.28  36 

.  8523 

.3172 

5.23 

.  o3  34 

.2739 

.04?0 

.  822  J 

38 

5.48 

.6835 

.2809 

.0417 

.3253 

39 

5.68 

.6923 

.2820 

.0372 

.  3273 

40 

5.87 

•  o384 

.2339 

.0  389 

.3251 

41 

6.08 

.6890 

.  2806 

.0415 

.3255 

42 

6 , 2^ 

.6313 

.28  29 

.  0472 

.8209 

43 

€.  **7 

.6361 

.2817 

.04^4 

.  8238 

44 

o.  ft’7 

.6802 

.2738 

.0524 

.3204 

45 

6.86 

.6752 

.2326 

.0538 

.  3173 

43 

7.06 

.6787 

.  2856 

.0472 

.819: 

47 

7.i6 

.6331 

.28  30 

.0452 

.8220 

4« 

7.45 

•  6362 

.  2831 

.0420 

.  2  ?  3 

41k 

7.65 

.6852 

.2904 

.  0  356 

.  i  2  5  i 

53 

7,  74 

.  674p 

.292' 

.044^: 

.  j  1  67 

5l 

7.46 

.  6436 

.2970 

.  C66r 

OAT,* 

III  FiN  ij:; 

::Fl 

ft  4  C  r  ij  •  1  : 

0  Ortt 

Picor.i  »2; 

ftj  0r4»* 

4 


Figure  2  Vieu  of  the  Test  Section 


k^AJrtf 


Atmospheric 


Ficure  5  Data  Acquisition  System 


r' 


1 

I  Figure  6 


RoJcc  Inpact  Pressure  Data  at  Upper  Plane 


(Fear  Blade  Suction  Si 


lOlrtL  111-.  MCO  I 

0.5  in  rP.ill  SUCTIOli  ■ilC'C  or  CCMCSlXNC  6l>^D£. 


5' 


Rales  Impact  Pressure  Data  at  Upper  Plane  (Dear  Mid- 


PPESSUf<r 

i.Prifi;*I3E  ftCROSS  CENTEi?  OF  EuriDE  PftSSfiCt 


Figure  9 


Rake  Inpact  Pressure  Data  at  Upper 


Plane  (3-D  Presentation) 


total  (mi  HilO^  cjije> 

ONE  iNTEP-faLnCiE  Pn'i'irniE 


Figure  TO 


Ralce  Inpact  Pressure  Data  at  Upper  Plane 
(0,5"  from  Suction  Side  of  Three  Blades) 


T'  IhL  L  I  1  r.  rijo  -j  t  }-r  > 

•SPnf Irt I  itZ  1  d.j  n'.  !  iO^  riOli  SICi£  OF 

THL  ThPEE  CEriTEPitOeT  ELfiDti 


iTi'Uit.- 
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Figure  1 1 

Ralce  Impact  Pressure  Data  at  Upper  Plane 
(1"  from  Suction  Side  of  Four  Blades) 


TOTHL  ^^PCSSU^•L  ‘  •  fi  rliO  ''jj*]'** 

,  l  1  r.  'vLt'lll'.  Ii  i-lDt  or  ELriCt 

rOP'  THC  rOUft  Et  nLC  PHiSnOta 
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*n  if. 


1*  igure  :  j 


Ralie  Impact  Pressure  Data  at  Upper  Plane 
(l"  from  Pressure  Side  of  Four  Blades) 


1 I  n*  Hi- £  i  iUPl"  *  If.  'J  ' 

r-Mfiw \  in  'SiOC  Of  aLrtDE 

'.‘H  t  Mil  fi'Ur*  OEtil  r  r.i.riuil  ti.Z 
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m 

Pi^re  1 7 

Probe  Suryoy  Dau'a  at  Ilid-opan  Doivnstream 

4  ■  • 

( PCk 1 e 1 ] -Pt  >  'Graf 

SPPNWISE  CEMTERLTriE 

+ : 

4  TO  a  in 

X: 

0  TO  4  in 

.13-  *'• 

— \  TO  G  in 

-3  TO  -4  in 

•4 

Figure 

19 

?robe  Survey  Data 

Mid-Span  ((Ppien" 

n  )/q  Dovmstrean) 

*  ^ef 

tPCpl«nl-Pt  l.'Oref* 
SPflfiWlSE;  CENTERLIME 

+  ;  4 

TO  e 

1  n 

•^r 

X:  0 

TO  4 

1  n 

»*:  -4 

TO  ‘0 

1  n 

-8 

TO  -4 

i  n 

**  Figure  20 

Probe  Suir/ey  Data  at  Hid-Span  ( (pp^en'^t^^^ef " 


( P  Cp  1  en  ]  -Pt  .1  '  Oi  e i  * 

LOWER  PLRfJE,  SPhNWI'SE  CENTERLINE 


INCHES 


Fij’are  21 


P.al:e  lap  act  Pressure  Data  at  Upper  Plane 
Dladcs  Renoved,  Kiel  Probe  in  Place 


t  bX  i  II-  ILuX  I>  u 

f'l.t.niJM  f'f'^i-3  “  13.36  f'OSITIOfJ  -  I  Ifl.  Ltr T -‘l£l I T£j^ 
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APPENDIX  A:  CASCADE  TESTS  WITH  SEVEN  NACA  65 -SERIES  BLADES 


even  ”1.1 

V  65-SGrics  blades 

’;ere  i 

nstcllel  al 

an  air  ii:lot  anglo  {(i  ^ 

of  60  degrees 

a:id  an  air  outlet 

angle 

degrees,  1  ieas’uroments 

’.'ere  male  \.d-tl 

■-  five-’iolo  probes 

at  the 

inlet  aiocl 

outlet  plsn.es.  Facility 

coni'i^-.ration  cQid  dr.ta.  acquisition  uere  a.3  described  b;,'  .doobius 

Ji^^.ires  A-1  tiirou^h  A-4  shotr  the  neasured  pressure  distributions, 


:e  ouo_et  o. 


t;^  rca-  nuau.c 


norncAisod  to  i;ilet  d^moric  pressure,  at  the 
passage  near  the  center  of  the  cascade. 

7igi:re  A-1  shows  the  spanwisc  distrily.ticn  of  total  pressure  at  five 
blade- to- blade  positions  in  the  passage,  Tb.o  data  arc  presented  as  the 
difference  between  total  pressure  at  the  Kiel  probe  a::d.  totel  pressure  at 
the  traversing  probe,  nornaiised  to  inlet  diniaraic  pressure.  It  can  be  seen 
that  the  flow  was  found  not  to  be  two-dimensional,  since  there  is  no  span- 
\.-isG  area  of  uniform  total  pressure, 

figure  A-2  shov;s  the  spanvrise  distribution  of  dynanic  pressure  at  ti:e 
four  positions.  Data  are  presented  as  dynamic  pressure  at  the  traversing 
probe  normalised  to  inlet  dynanic  pressure.  The  figi.;re  shov;G  a  qurli- 
tatively  similar  behavior,  ^ri.th  no  region  of  two-dimensional  conditions. 

Figures  A-3  and  A-4  show  the  total  and  dynanic  pressure  distributions, 
respectively,  as  a  three-dimensional  picture  of  a  blade  passage.  The  dis¬ 
torted  and  unsatisfactory  nature  of  the  outlet  flow'  can  be  seen  in  th.ese 


figures. 

Data  from  which  Figures  A-1  through  A-4  were  generated  are  listed  in 
Table  A, I, 
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Table  A- I 


Tirst  Configuration  Probe  Survey  Data 


RUN  NO.  13 

DhTE  13  3 

SO 

SPHN  TRhV'ERSE 

UPPER  PLmHE 

Directly .downstream  of  blade 
crailing  edge 

LOCdM  -  Q  'QIPEF  F-J  QIPEF  PT  QlPEF  XPEF 


(3. -43 

0.2817 

0. 4035 

0.2321 

0.5274 

0.  SS 

0.230b 

0.4119 

0.2738 

0.5355 

1 . 50 

0.3417 

0.4136 

0.2263 

0.5805 

1,38 

0.3333 

0.4131 

0.1732 

0.6197 

3. 43 

0.4573 

0.4253 

0.0368 

0.6711 

3.00 

0.4731 

0.4251 

0 . 0824 

0,5315 

3.50 

0.44bO 

0.4203 

0.1137 

0.6625 

4.00 

0,4127 

0. 4186 

0.1432 

•  0.6375 

4.50 

0.3942 

0.4133 

0. 1723 

.  0.6232 

4.33 

0.3305 

0.4086 

0. 1819 

0.6203 

5.50 

0.4030 

0.4043 

0.1723 

0.6302 

O.0O 

0,333b 

0.4033 

0 . 1 783 

0.6267 

6.50 

0.4333 

0.4035 

0, 1484 

0.6503 

7.00 

0.4337 

0.4051 

0.1352 

0.6530 

7,50 

0. 4503 

0.4113 

0. 1173 

0.6657 

3.00 

0.4464 

0.4123 

0. 1307 

0.6623 

S.  43 

0.4545 

0. 4133 

0.1131 

0. 6633 

8.33 

0.4563 

0.4130 

0.1116 

0 . 6701 

3,  50 

0.4436 

0.4156 

0. 1309 

0. 6608 

Q'QPEF  IN 

FILE  013U 

P3/QREF  IN 

FILE  PS13U 

PT'QREF  IN 

FILE  PT13U 

;»:  ::p6F  in 

FILE  XI 3U 

POSITIONS 

IN  FILE  POS13 
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‘irst  Configuration  Probe  Survey  Data  (Continued) 

F'lJU  (tu.  i-t 
DhTE  -u  i 
SF  lin  TPmVEF:  iE 

UPPER  PLiiKE  One  inch  from  auction  side 


Pi.,  QIPEF 

0.  0.4oj7 

0,22-^  0.4£<9<’ 

o'.S^OJ  0.4174 

0.4;S?S  0.4i:l:' 

0.=,r3i5  0.42PO 

0.4771  0.4224 

0.4134  0.41^1 

0.'..372  0.4127 

0.2331  0.4075 

0.2112  0.4027 

0.3025  0.333c. 

0.2333  0.3336 

0.3166  0.3313 

0.3232  0.3305 

0.3166  0.3330 

0.2363  0.3340 

0.2351  0.3347 

0.3172  0.336S 

0.3213  0.3331 

Cl  C'PEF  IH  FILE  Q14U 
P3  'C'FEF  IH  file  P314IJ 
PT.'OFEF  IH  FILE  PT14U 

X.  ::ref  ih  file  kmu 
post  T  tons  IN  FILE  PO'^14 


LOCuIH^  O'OlFEF 


0.43 

0.33 

1.43 

1 . 33 

2 . 50 
3.00 

3. 50 

4.00 

4.50 
5.00 

5.51 
6 . 00 

6.50 

7.00 

7.50 

3.00 

3.50 

3.00 

9.50 


PT  OIREF 

•r  •*  *  It  ■r  t  * 

d  •  4 1 6  > 

0. 3503 
0.2130 
0.0672 
0.0367 
0.0737 
0. 1473 
0.2013 
0.2260 
0.2681 
0.2301 
0.2836 
0.2726 
0 . 263 1 
0.2724 
0.2320 
0.2325 
0 . 2673 
0.2625 


RLIH  HO.  15 

DFlTE  20  2  SO 

SPfiN  TRAVERSE 

UPPER  PLANE  Two  Inches  from  suction  side 


x/:;ref 

0. 333  3 

0.4685 

0.5875 

0 . 6332 

0.7137 

0,6344 

0,6374 

0, 6003 

0.5763 

0.5536 

0.5453 

0.5423 

0.5585 

0. 5636 

0.5584 

0. 5403’ 

0.5332 

0.5533 

0. 5625 


LOC< IN  ' 

Q  GIPEF 

FS  QIFEF 

PT  QIREF 

H,  HREF 

►  ft  T  “T 

■* -r- *  * -rit- it  It  * 

0.50 

0. 3007 

0.4055 

0.2760 

0.5443 

1 , 00 

0, 3027 

0.  4032 

0.2763 

0 . 

1.50 

0.4027 

0.4113 

0.  1667 

0. 6236 

1. 93 

0,5233 

0.4119 

0.0377 

0.720? 

2.43 

0.5353 

0.4164 

0 . 0  ri  0 

0. 7254 

2.93 

0. 4322 

0. 4166 

0. 0606 

0  •  e>39b 

5,49 

0.4524 

0.4150 

0.1125 

0.6672 

3.  93 

0. 4246 

0. 4075 

0.  146  3 

0, b4bo 

4.43 

0.  3637 

0. 3373 

0.2137 

0. 6036 

4.  98 

0.  5046 

0,  5c- To' 

0 . 2636 

0. 5466 

5.43 

0.2653 

0. 3831 

0,3275 

0.5126 

5.33 

0.2271 

0. 3803 

0.3743 

0. 4740 

6. 49 

0.2117 

0. 3737 

0 .  59 1  b 

0.4577 

6.39 

0.  2094 

0, 3762 

0.  3  :'74 

0.4555 

7.43 

0.2215 

0. 3735 

0.  36:13 

0. 46:3  1 

7.33 

0.2115 

0. 3676 

0. 3641 

0. 4571 

3.43 

0.  1427 

0 .  j  ?  y  7 

0 . 4  --  0  1 

0. 3756 

3.  33 

0,1631 

U.  2* 

0.4  14 

0 .  4  0 1  F 

3. 4 

0 .  :  4  1  3 

•j.  .--i 

0.  .3.;i 

0.46: 6  4 

e  our  in  FILE  r'l5..t 


F’-,  Oi >>  III  FILE  f  ;l-.i.i 
FT  ot-'F  III  riir  F-rr'ii 
::  FFF  III  Fill 
Fn  ,  I  r .  ,1|I  .  .11  F  I1,E  f  : 
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'irst  Configuration  Probe  Sur’/ey  Data  (Continued) 


FUli  t;M.  Ir. 

lirllt  iO 
iFiitl  1  F  n'/EF  'iC 
UFf  Ef  FLmiIE 
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L'ua*  iwc'-ies  t.om  auction  side 


LUL •  IN 

'  0  01  REF 

F  5  0 1 R  EF 

pr  01  REF 

x-;;ref 

■r  t  T  »  •  t 

6.  jO 

o.'-r’s 

0.  4053 

0. 3047 

0.5187 

1 . 00 

0. 2731 

0. 4033 

0.2995 

0.5220 

1 .  SO 

0. 3330 

0.4114 

0. 1335 

0. 3137 

3.00 

0.4933 

0.4193 

0.0353 

0.3937 

2.  SO 

0.5734 

0.4253 

-0.0243 

0.7522 

3 . 00 

0.5305 

0.4233 

-0 . 009 1 

0. 7413 

3.  SO 

0.S4S3 

0.4273 

0.0050 

0. 7313 

4 . 00 

0.5331 

0.  4297 

0.0104 

0.7270 

4.  SO 

0.5213 

0.4238 

0. 0231 

0.7153 

S.  00 

0.5057 

0.4303 

0.0449 

0.7035 

s.  so 

0.4743 

0.4259 

0 . 0794 

0.3828 

6. 00 

0.4530 

0. 4222 

0.0993 

0.3712 

c.SO 

0. 4  337 

0.423S 

0. 1197 

0.3555 

7. 00 

0. 3909 

0,4201 

0. 1399 

0.3204 

7.50 

0. 3143 

0.4099 

0.2574 

0.5571 

8.00 

0.2301 

0,4057 

0.3167 

0.5033 

8.50 

0.2032 

0.4028 

0.3720 

0. 4533 

■3. 00 

0. 1373 

0.4031 

0.4129 

0. 4038 

9.50 

0. 1393 

0.4118 

0.4321 

0.3713 

0  OREF  IN  FILE  OIEU 
PS  l?REF  IN  FILE  PSIEU 
PT/QREF  IN  FILE  PTIc-U 
Iv  XREF  IN  file  XIEU 
POSITIONS  IN  FILE  POSU 
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figure  A-1 


’irst  Configuration  Results  ( (PvjLel'fx  )/Qj.2f  Do-.mstreanj 


0:  Directly  behind  blade 
trailing  edge 

1:  One  inch  from  suction 
side 

2:  Two  inches  from  suction 
side 

4:  Four  inches  from  suction 
side 

7:  Seven  inches  from 
suction  side 


DELTH  PT/CREr 
UPPER  PLRKE 

RUNS  13/ 14/ lEi  iS/ 17 
rEB  IB  E  21/  ISEB 


jigi-ire  A- 2 


First  Configuration  Results  Dounstrean) 


Q/QRCr 

UPPER  PLPNC 

RUMS  I3<  IH/  I?/  IS/  17 
rcB  IB  i  ai/  laaB 


0:  Directly  behind  blade 
trailing  edge 

1:  One  inch  from  suction 
side 

2:  Two  inches  from  suction 
side 

4:  Four  inches  from  suction 
side 

7 :  Seven  inches  from 
suction  side 


Figure  A-3 


irst  Configuration  Results  °°™2treajn,  3-D) 


OCLTH  PT/GRCr 
UPPER  PLBNC 

RUNS  I3<  IH/  IS/  16/  17 

res  IB  i  21/  isao 


Figure  A-4 


rirst  Configuration  Results  (O/Oj.Qf  Dovmstrean, 


O/GRCP 
UPPCR  PLfINC 


RUNS  I3<  |H«  IE/  17 

res  18  i  31/  isaa 
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APPENDIX  B:  FIVE -SENSOR  FLOW  SURVEY  PRESSURE  PROBES 


Two  types  of  five-hole  probes  were  used  as  traversing  probes.  The 
United  Sensor  Corporation  DC-125-24-F-22-:CD  Probe,  serial  no,  A9S1-2  (Pig, 

3-1 )  was  used  at  the  outlet  plane.  The  United  Sensor  Corn,  DA-125  Probe, 
serial  no,  AS47-1  (Fig,  3-2)  was  used  at  the  inlet  plane,  Uliile  the  probes 
differ  in  appearance,  they  were  calibrated  and  used  in  a  sinilar  way, 

Each  probe  has  five  pressure  ports,  '.•Jhen  the  probe  is  aligned  with  the 
flow,  port  nunber  1  senses  an  indication  of  the  total  pressure.  The  otiior 
four  holes  are  arranged  in  pairs  on  opposite  sides  of  the  total  pressure 
port,  and  are  at  an  angle  to  the  air  strean.  Forts  2  and  3  are  in  the  sane 
blade-to-blade  plane,  as  the  probe  is  rotated  about  its  shaft.  Forts  4  and 
5  are  separated  in  the  spanuise  direction.  The  probe  was  inserted  into  the 
airstrean  tiirough  a  slot  in  the  side  wall.  Before  the  reading  of  each  data 
point,  the  probe  was  first  rotated  about  its  axis  (the  test  section  span- 

wise  axis)  until  the  pressures  sensed  by  ports  2  and  3  were  equal.  The 

probe  was  then  assur.ed  to  be  aligned  vdth  the  flow  in  the  blade- to- blade 
plane,  Tiirough  the  calibration  procedure  given  in  Reference  10,  tl'.o  pres¬ 
sures  sensed  by  the  five  ports  were  used  to  colcu?  a  ,e  the  pitch  angle  (^  ) 

(in  the  spanuise  plane)  and  velocity  (in  relation  to  the  "limiting  velocity", 
V/V^*  X)  of  the  flow  at  the  probe, 

A  reference  inlet  dynanic  pressure  was  used  to  noinalize  pressure  data 
reported  in  Appendix  A,  The  reference  pressure  v;as  computed  from  the  total 
pressure  measured  by  the  Kiel  probe  and  the  static  pressure  mcasurod  by  ti'.c 

wall  static  tap  near  the  Lnlet  plane,  Tl:eso  pressures  wore  used  to  cal¬ 

culate  a  Ilach  nunber  and  a  corresponding  diwiacic  prossuro,  ''crorc  traverse 
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F 


data  \.'ere  toiicn,  the  tunnel  uas  run  at  slightly  varying  speeds  (near  the 
ncmai  operating  syeod)  vd.th  the  lo’uer  traversing  probe  Ln  the  center  of  the 
inlet  plane,  A  linear  relationship  v/as  established  between  the  d^Tiaaic 
pressure  measured  by  the  traversing  probe  and  that  computed  from  hiel  and 
wall  static  pressures  as  described  above.  The  linear  relation  was  applied 
to  the  measure  of  (fixed  position)  Kiel  probe  dicianic  pressure  for  each  data 
point,  to  calculate  the  reference  inlet  dynamic  pressure  for  that  point. 


Figure 


Do;mstreDjn  Survey  Probe 


'sVV*'’ 


APPENDIX  C:  RAKE  PROBE  DESIGN 


The  ralce  probe,  used  for  the  first  surveys  of  the  C-series  liLado  cas¬ 
cade,  i;as  designed  and  manufactured  in  house  (Figure  ‘3-1),  It  consisted  of 
twelve  internally  chamfered  total  pressure  probes,  tv;o  static  pressure 
probes,  and  a  centerline  yaw  angle  probe,  supported  from  a  diameter  metal 
tube.  The  ralce  was  installed  across  the  airstream  through  a  slot  in  the 
side  v;all.  It  was  rotated  about  its  axis  to  align  the  centerline  yaw  prebe 
i/ith  the  airstream.  Each  probe  was  connected  to  one  port  of  tlic  Ecani- 
valve  so  the  sensed  pressures  could  be  recorded  by  the  data  system,  Ti:is 
rake  probe  could  be  traversed  in  the  hlade-to-blade  direction,  to  enable 
sur\'oys  to  be  made  of  total  pressure  over  a  large  area  in  a  short  period 
of  tine. 
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APPENDIX  D:  CALCULATION  OF  THE  AXIAL  VELOCITY -DENSITY  RATIO  (AVDR) 


Continuity  requires  tha't 


J  h,  f,  clij 


(D-1) 


where  density 

velocity 

/3^  air  inlet  angle 

{^2  air  outlet  angle 

spanuise  streautube  depth 
3  blade  spacing 

^  blade-to-blade  dimension,  normal  to  a:d.al  direction, 
and  subscripts  1  and  2  refer  to  the  test  cascade  inlet  and  outlet  respectively. 
As  air  passes  through  the  cascade,  boundary  layers  build  up  along  the 
side  v;alls,  contracting  the  streamtube  in  the  spaiwise  direction,  As  a 
measure  of  the  tTO-dimensionality  of  the  flow,  the  ATOP,  is  the  ratio  of  the 
equivalent  depths  of  the  streamtube  at  inlet  and  outlet.  The  equivalent 
streamtube  depth,  h^,  replaces  n^  and  is  tal:en  to  be  constant  over  the  ^ 
dimension: 


(D-2) 


In  practice,  uncomnanded  variations  in  blower  speed  nay  bo  experienced 
during  tlie  time  required  to  sur’/ey  the  flow.  As  a  result,  the  total  mass 
flow  rate  in  the  wind  tunnel  is  not  exactly  constant,  hoasurenents,  there¬ 
fore,  actually  have  a  weal:  (and  undesirable)  time  depe.ndence,  Icuaticn  ('>-2) 


assumes  all  neasurenents  are  taJcen  at  the  same  moment  in  time,  !'ore 
precisely,  <• 

Since  no  means  exists  to  taice  all  measurements  at  once,  the  time  de¬ 
pendence  o?  these  terms  must  be  removed  in  some  other  manner. 

In  eonatlon  (D-3)>  each  integrand  has  the  dimensions  (velocity.densit 
Giving  th.e  integrtuids  the  s^mibol  m.,  ’,’e  have: 


(1^4: 


assume  a  I'anction,  can  be  found,  ••ith  dimensions  (veloci" 


suen  tiiat: 


- 


i 


:;!-ero  is  not  c.  f^anction  or  tine  (tl:at  is,  it  is  not  denonclent  on  tunaie 
air  sv.yyly  conditicu.s ) .  l^arthei-mcre, 

f  mrtf  «rc)  \  [ J 

AVt>t2  — — 1  1=  -k  n  (>4) 

^  ^  V  (^)  J  r  h  f^7(V,tc  Uy}  1 

L  j 

~'s.20  is  not  a  fvuiction  ef  ,  it  may  ho  oahen  inside  tno  incegra_, 


AvD(^  = 


>^3  (-n.tc) 


P  J2!il2ZJ^  c(yi 

Jo  7 


"c'.i  consider  tlia  in.’segrand  of  she  nu:r.cra.tor  term,  dy  oc 
intcgxgnd  is  not  a  f.u-.ction  of  Lime  as  long  as  as'.d  :.i 


he  same  time,  t„,  I::  gractico,  ’diere  discrete  ncasmrencnLs  are  t;he:i  an 


a,  '.u’.merical  intcgra.tisu  is  mcrforr.od,  i*'  ■•■• 


eccuai’Cv.;  oma."  a.ia.m  Zr 


:e  mea.suree  as  e.ec  sane  tarns  :^cr  mne  saaec  aata  mor.n 


.s  m. 


r.^  may  varg"  u'ith  ti.eio,  but  their  ratio  (l:^)  remains  a  function  of only 


■•haro  sub3cri::t  t  refers  to  "totnJL"  quantities,  md  r  f ^  is  tli' 

■linitiiis'’  velocity,  Tlien,  _j_  _ _ 


c:  :f^ri-x=] 

It  <- 


^/cPdjj 

R 


30  that,  at  each  data  point,  the  inte^prand  can  be  >,..Titten  as 


so  that,  fi-icily 


4\/Di?= 


V7"7 


The  final  assunption  is  that  the  plcnun  pressure  satisfies  t'ne  condition: 
ineosed  on  ■;,  ,  aid  that  the  conditions  imosed  on  ''  ,  cai  ho  satisfi' 


v.'here  i:  „  is  the  lower  v/all  static  pressure, 

'  ref 

IIo  testing  v/as  done  to  examine  these  last  two  assumptions.  Consequently, 
it  is  possible  that,  in  analyzing  the  data  in  this  way,  the  time  dependence 
of  the  measurements  was  only  approximately,  and  not  entirely,  eliminated, 
elimination  of  the  time  dependence  would  require  the  measurement  of  ref¬ 
erence  quantities  vdiich  satisfy  equation  (D-5)  exactly. 

The  were  calculated  by  application  of  the  survey  probe  calibration. 

The  p ,  and  (i .  veve  measured  directly  by  the  probe.  The  A7DR  was  calcu- 

^  u  •  X 

1 

lated  by  numerical  integration  of  equation  {l>-77). 
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